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Abstract 
The occurrence of decoupling of transportation energy consumption from transportation industry growth in China 
from 1985 to 2009 is examined. An elasticity index model is developed to identify the degree of decoupling. Total 
transportation energy consumption and transportation energy consumption types are included into the decoupling 
elasticity indices. Results indicate that weak decoupling between total transportation energy consumption and 
transportation industry growth accounts for 54.17%, while weak decoupling does not occur in a smooth manner. It is 
suggested that the strong decoupling of total transportation energy consumption from transportation industry growth 
will occur with a low probability in the future. Furthermore, decoupling indices of transportation energy consumption 
types exhibit diversely: the proportion of strong decoupling of coal is 79.17%; weak decoupling of oil presents 37.5%; 
and natural gas and electricity consumption are dominated by strong coupling of 62.5% and 54.17%, respectively.  
According to the different decoupling states, the special and directional transportation policies should be 
implemented.
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of Beijing Jiaotong 
University (BJU) and Systems Engineering Society of China (SESC).    
Keywords: decoupling; decoupling elasticity index; transportation industry growth; total transportation energy consumption; 
transportation energy consumption types    
1. Introduction 
Transportation industry in China is an energy-intensive industry which takes one of the biggest shares 
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in national energy use. It accounts for above 10% of national energy consumption. Between 1985 and 
2009, the volume of passenger transportation was estimated to have increased at rate of 7% per year and 
freight transportation at rate of 8% per year. Over the same period, the energy consumption in 
transportation sector increased by 8% annually, implying there is a synchronous relationship between 
transportation industry growth and transportation energy consumption. Further, the difficulty of the 
national efforts to emission reduction is increasing for this synchronous relationship.  
In the field of transportation energy consumption and transportation industry, Xia (2008) analyzed 
coordination between Chinese transportation energy consumption and socio-economic development using 
transportation energy consumption elasticity coefficient and transportation energy consumption intensity. 
Jia (2009) reviewed the literatures focused on external costs determination of energy consumption, 
influencing factors, statistical indices and data comparison, interactive relation between transportation 
energy consumption and social economy. Sun (2009) designed a framework of different transportation 
energy consumption factors. Jia (2010) developed a calculation model of transportation energy 
consumption based on the vehicle driving. However, few researchers have employed decoupling theory to 
investigate the relationship between transportation energy consumption and transportation industry growth. 
Decoupling concept derived from the research on the breaking the connection between economic 
growth and material consumption by de Bruyn SM (1997), OECD (2001) and Chistian Azar (2002).
Several in-depth studies carried out by OECD (2002), Vehmas J (2003ˈ2007) and Tapio (2005) have 
enriched the decoupling theory in different fields. 
OECD (2002) took a great importance to the application of decoupling theory and divided the 
decoupling concept into relative decoupling and absolute decoupling. Vehmas, et al. (2003, 2007) 
proposed Ƹ (VOL/GDP) as the decoupling index and presented a theoretical framework including six 
decoupling states as expansive coupling, weak decoupling, strong decoupling, recessive decoupling, weak 
coupling and strong decoupling. Tapio (2005) redefined decoupling indicators by adopting elasticity index 
and divided decoupling indicators into coupling, decoupling and negative decoupling based on the works 
of Vehmas. (2003). Eight logical possibilities were further subdivided by Tapio (2005) into expansive 
coupling, recessive coupling, strong negative decoupling, weak negative decoupling, expansive negative 
decoupling, strong decoupling, weak decoupling and expansive decoupling. 
The purpose of this paper is to exam decoupling occurrence of transportation energy consumption from 
transportation industry growth in China. A decoupling elasticity index model is proposed to distinguish 
the decoupling degree. The periods from 1985 to 2009 is covered in the time series. In addition, variation 
characteristics and regular patterns of decoupling about total energy consumption and energy consumption 
types are also discussed to better understand the relationship changes between transportation energy 
consumption and transportation industry growth. 
2. Data and model 
2.1. Variables and data sources  
Converted transportation turnover in terms of ton-kilometer is selected to stand for transportation 
industry growth. The use of converted transportation turnover may be more appropriate than simple 
transportation turnover because it reflects not only the modes of transportation but also the turnover of 
passenger traffic and freight traffic. Equation of converted transportation turnover is expressed as Eq. (1). 
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where TV represents concerted transportation turnover, i represents five modes of transportation, FTit and 
PTit represent the turnover of freight transportation and passenger transportation in the ith mode of 
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transportation in year t, ıi represents the conversion coefficient of the ith mode. 
Furthermore, ECt is transportation energy consumption. COAlt, OILt, NGASt and ELETt represent the 
variables of coal consumption, oil consumption, natural gas consumption and electricity consumption for 
transportation in year t, respectively. For energy consumption, all variables are measured by 104 tons 
standard coal. 
Since the empirical period depends on the availability of data, the time period is 1985–2009. The data 
were primarily retrieved from China Satistical Yearbook, complemented by data in China Energy 
Satistical Yearbook.
2.2. Decoupling elasticity index model 
Measurement of decoupling can be divided into two forms including relative method and absolute 
method according to Vehmas. (2003) and Tapio (2005). The elasticity is adopted to calculate decoupling 
index in this paper. Decoupling elasticity index is a ratio of the change rate of transportation energy 
consumption to the change rate of transportation industry growth in a period of time. 
TEIDet is defined as a decoupling elasticity index of total transportation energy consumption from 
transportation industry growth, as shown in Eq. (2). 
                                       )//()/( 11  '' ttttte TVTVECECTEID      (2) 
Other decoupling elasticity indices representing energy consumption types are defined in the same way, 
as shown in Table 1. 
Table 1. Decoupling elasticity indices of energy consumption for transportation 
Acronym of index Definition Interpretation 
teTEID
)//()/( 11  '' tttt TVTVECEC
1 ' ttt ECECEC
1 ' ttt TVTVTV
The decoupling elasticity index of total 
transportation energy consumption in year t
ctTEID
)//()/( 11  '' tttt TVTVCOALCOAL
1 ' ttt COALCOALCOAL
1 ' ttt TVTVTV
The decoupling elasticity index of coal 
consumption for transportation in year t
otTEID
)//()/( 11  '' tttt TVTVOILOIL
1 ' ttt OILOILOIL
1 ' ttt TVTVTV
The decoupling elasticity index of oils 
consumption for transportation in year t
ntTEID
)//()/( 11  '' tttt TVTVNGASNGAS
1 ' ttt NGASNGASNGAS
1 ' ttt TVTVTV
The decoupling elasticity index of natural gas 
consumption for transportation in year t
eltTEID
)//()/( 11  '' tttt TVTVELETELET
1 ' ttt ELETELETELET
1 ' ttt TVTVTV
The decoupling elasticity index of electricity  
consumption for transportation in year t
2.3. Decoupling State and Condition  
The extent of decoupling cannot be explained accurately by using the decoupling elasticity index 
shown in Table 1. The basic judgments of decoupling state are based on the value of decoupling elasticity 
index and the plus-minus of numerator and denominator at the right -hand side of the equations in Table 1. 
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The decoupling state judgment is partly based on the works of Vehmas J (2003, 2007) and Tapio (2005), 
as shown in Table 2. 
Table 2. Condition and state judgment of decoupling elasticity index 
Decoupling elasticity index Condition State 
<0
Numerator<0;Denominator>0 Strong decoupling 
Numerator>0;Denominator<0 Strong negative decoupling 
[0,0.8)
Numerator>0;Denominator>0 Weak decoupling 
Numerator<0;Denominator<0 Weak negative decoupling 
[0.8,1.2]
Numerator>0;Denominator>0 Weak coupling 
Numerator<0;Denominator<0 Recession connection 
>1.2
Numerator>0;Denominator>0 Strong coupling 
Numerator<0;Denominator<0 Recession decoupling 
According to the framework shown in Table 2, eight different degrees can be defined and 
conceptualized to avoid the semantics ambiguity. Decoupling state means the situation when 
transportation energy consumption growth is lower than positive transportation industry growth. It 
indicates that the dependence of transportation industry growth on transportation energy consumption is 
weakening. Furthermore, it can be divided into two states as strong decoupling state and weak decoupling 
state.
Relatively, the coupling state means the situation when transportation energy consumption growth is 
higher than positive transportation industry growth. It indicates that the dependence between 
transportation industry growth and transportation energy consumption is reinforced. Similarly, it can be 
divided into two states as strong coupling and weak coupling. 
Negative decoupling state is the situation when transportation energy consumption growth is higher 
than negative transportation industry growth. It can be divided into two states as strong negative 
decoupling and weak negative decoupling. Recession connection state and recession decoupling state 
mean the situation when transportation energy consumption growth is lower than negative transportation 
industry growth. These four states are unsatisfactory because of the negative transportation industry 
growth. 
3. Empirical results and discussion  
3.1. Calculation of TEIDet  
The empirical results of TEIDet are shown in Table 3. The data availability and the techniques adopted 
here made the investigation cover the period 1985-2009. Therefore, the results reveals the period 1986-
2009 because of the elasticity calculation.  
Four decoupling states including weak decoupling, weak coupling, strong coupling and weak negative 
decoupling appeared alternately over the period 1986-2009. Strong coupling was highlighted when 
transportation and transportation energy consumption moved in comparatively increasing rate in 1997. 
The cycle statistics of TEIDet is shown in Table 4. The cycles of weak decoupling, weak coupling, 
strong coupling and weak negative decoupling are 13, 4, 6 and 1 whose proportions are 54.17%, 16.66%, 
25% and 4.17% separately. Though the weak decoupling accounts for 54.17%, the duration are only 2 or 
3 years.  
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Table 3. Calculation of TEIDet and state judgment 
Time 1/ ' tt ECEC 1/ ' tt TVTV etTEID State
1986 0.075912 0.093844 0.809  Weak coupling 
1987 0.032613 0.102688 0.318  Weak decoupling 
1988 0.048937 0.080738 0.606  Weak decoupling 
1989 0.039606 0.055832 0.709  Weak decoupling 
1990 0.009335 0.005731 1.629  Strong coupling 
1991 0.033517 0.069608 0.482  Weak decoupling 
1992 0.062083 0.051631 1.202  Strong coupling 
1993 0.040389 0.05512 0.733  Weak decoupling 
1994 0.012019 0.085969 0.140  Weak decoupling 
1995 0.078129 0.06414 1.218  Strong coupling 
1996 0.017481 0.012633 1.384  Strong coupling 
1997 0.69507 0.051477 13.503  Strong coupling 
1998 0.009802 -0.00235 -4.166  Weak negative decoupling 
1999 0.055618 0.067046 0.830  Weak coupling 
2000 0.047412 0.092242 0.514  Weak decoupling 
2001 0.034351 0.074002 0.464  Weak decoupling 
2002 0.062199 0.060772 1.023  Weak coupling 
2003 0.153198 0.052321 2.928  Strong coupling 
2004 0.182262 0.279597 0.652  Weak decoupling 
2005 0.105389 0.147425 0.715  Weak decoupling 
2006 0.100196 0.105809 0.947  Weak coupling 
2007 0.086219 0.137984 0.625  Weak decoupling 
2008 0.042885 0.086576 0.495  Weak decoupling 
2009 0.032609 0.101024 0.323  Weak decoupling 
Table 4. Calculation of TEIDet and state judgment 
TEIDet State Cycle Proportion 
Weak decoupling 1987-1989, 1991, 1993-1994, 2000-2001, 2004-2005, 2007-2009 54.17% 
Weak coupling 1986, 1999, 2002, 2006 16.66% 
Strong coupling 1990, 1992, 1995-1997, 2003 25% 
Weak negative decoupling 1998 4.17% 
Fig. 1 Variation of TEIDet 
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The periodic M-shape curve shown in Fig. 1 demonstrates an alternation character between decoupling 
and coupling states. It can be divided into three intervals of 1986-1994, 1995 -2001 and 2002 -2009. 
(1) The first stage: from 1986 to 1994 
Table 5. Calculation of TEIDet and state judgment 
Time TEIDct, State TEIDot State TEIDnt State TEIDelt State 
1986 -0.056 
Strong
decoupling 
1.805 
Strong
coupling
2.664
Strong
coupling
0.588 
Weak
decoupling 
1987 -0.227 
Strong
decoupling 
0.714 
Weak
decoupling 
0.513
Weak
decoupling 
1.427 
Strong
coupling
1988 0.099 
Weak
decoupling 
0.677 
Weak
decoupling 
0.557
Weak
decoupling 
2.067 
Strong
coupling
1989 -0.392 
Strong
decoupling 
1.106 
Weak
coupling
18.449
Strong
coupling
56.274 
Strong
coupling
1990 -3.233 
Strong
decoupling 
4.041 
Strong
coupling
80.019
Strong
coupling
190.648 
Strong
coupling
1991 -0.040 
Strong
decoupling 
1.550 
Strong
coupling
5.763
Strong
coupling
7.338 
Strong
coupling
1992 -0.992 
Strong
decoupling 
2.187 
Strong
coupling
-2.457
Strong
decoupling 
3.124 
Strong
coupling
1993 -1.873 
Strong
decoupling 
1.883 
Strong
coupling
17.355
Strong
coupling
1.350 
Strong
coupling
1994 -1.345 
Strong
decoupling 
0.510 
Weak
decoupling 
0.011
Weak
decoupling 
1.417 
Strong
coupling
1995 -3.045 
Strong
decoupling 
2.464 
Strong
coupling
-2.195
Strong
decoupling 
1.735 
Strong
coupling
1996 -3.940 
Strong
decoupling 
2.144 
Strong
coupling
65.297
Strong
coupling
6.762 
Strong
coupling
1997 2.803 Strong coupling 16.769 
Strong
coupling
-1.876
Strong
decoupling 
6.676 
Strong
coupling
1998 87.253 
Recession
decoupling 
-
15.230 
Strong
negative
decoupling 
-
368.85
Strong
negative
decoupling 
-15.580 
Strong
negative
decoupling 
1999 -2.936 
Strong
decoupling 
1.266 
Strong
coupling
12.486
Strong
coupling
0.495 
Weak
decoupling 
2000 -0.635 
Strong
decoupling 
0.701 
Weak
decoupling 
0.600
Weak
decoupling 
-0.136 
Strong
decoupling 
2001 -0.871 
Strong
decoupling 
0.420 
Weak
decoupling 
7.432
Strong
coupling
1.351 
Strong
coupling
2002 0.991 
Weak
decoupling 
1.146 
Weak
coupling
14.226
Strong
coupling
-0.336 
Strong
decoupling 
2003 4.200 Strong coupling 2.509 
Strong
coupling
3.621
Strong
coupling
6.556 
Strong
coupling
2004 -0.427 
Strong
decoupling 
0.755 
Weak
decoupling 
1.633
Strong
coupling
0.375 
Weak
decoupling 
2005 -0.269 
Strong
decoupling 
0.832 
Weak
coupling
3.637
Strong
coupling
-0.291 
Strong
decoupling 
2006 -0.634 
Strong
decoupling 
0.983 
Weak
coupling
2.227
Strong
coupling
0.813 
Weak
coupling
2007 -0.561 
Strong
decoupling 
0.653 
Weak
decoupling 
0.459
Weak
decoupling 
1.001 
Weak
coupling
2008 -0.655 
Strong
decoupling 
0.351 
Weak
decoupling 
6.495
Strong
coupling
0.867 
Weak
coupling
2009 -0.154 
Strong
decoupling 
0.210 
Weak
decoupling 
2.871
Strong
coupling
0.782 
Weak
decoupling 
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The first stage experienced complicated decoupling states of TEIDet. The occurrence of weak coupling 
state, weak decoupling state and strong coupling state showed alternately and frequently. Though weak 
decoupling state appeared in many years, the duration was relatively short. 
(2) The second stage: from 1995 to 2001 
Obvious changes of TEIDet were presented in this period. The coupling state dominated the stage with 
strong coupling state, strong negative decoupling state, weak coupling state and weak decoupling state. In 
1998, strong negative decoupling state appeared. 
(3) The third stage: from 2002 to 2009 
Smooth changes of TEIDet emerged in this stage compared with above two periods. Appearance of 
weak coupling state, strong coupling state and weak decoupling state demonstrates that the weak 
decoupling state is going through a longer period. After 2004, especially, the weak decoupling state cycle 
lasts five years in addition of strong coupling state in 2006.   
3.2. Calculations of TEIDct, TEIDot, TEIDnt and TEIDelt  
Table 5 shows the empirical results of decoupling elasticity index TEIDct, TEIDot, TEIDnt and TEIDelt.
Compared to TEIDet, diversity of indices is obviously noticed 
Cycle statistics of TEIDct, TEIDot, TEIDnt and TEIDelt are shown in Table 6. The decoupling indices of 
coal energy consumption primarily composed of strong decoupling with a proportion of 79.17%. The oil 
decoupling index denotes a strong coupling of 41.67% following weak decoupling of 37.5%. Other 
indices reveal strong coupling with proportions of 62.5% and 54.17%. 
Table 6. Cycle statistics of TEIDct, TEIDot, TEIDnt and TEIDelt
State
COAL 
cycle ˄%˅
OIL 
cycle ˄%˅
NGAS
cycle ˄%˅
ELEC 
cycle ˄%˅
Strong decoupling 19 79.17 0 0 3 12.50 3 12.50 
Weak decoupling 2 8.33 9 37.50 5 20.83 4 16.67 
Weak coupling 0 0.00 4 16.67 0 0.00 3 12.50 
Strong coupling 2 8.33 10 41.67 15 62.50 13 54.17 
Strong negative decoupling 0 0.00 1 4.17 1 4.17 1 4.17 
Recession decoupling 1 4.17 0 0 0 0 0 0 
             
Fig. 2. Variation of TEIDct                                                           Fig. 3. Variation of TEIDot
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Fig. 4. Variation of TEIDnt                                               Fig. 5. Variation of TEIDelt 
Figure 2 displays a peak in 1998 for TEIDct. It is inferred that a strong decoupling state of 
transportation coal consumption is stable and sustainable. In detail, the relationship between 
transportation industry growth and coal consumption has presented a strong decoupling state. The year of 
strong decoupling states appeared in 19 period, accounting for 79.17% of the sample years. This means 
that the dependence of coal consumption from transportation industry growth is gradually reduced 
The decoupling state of transportation oil consumption experienced 4 types in 25 sample years, as 
shown in Fig. 3. Continues strong coupling state appeared from 1990 to 1997 except weak decoupling 
state in 1994. After that, decoupling state and coupling state presented alternately. Until 2007, continuous 
weak decoupling state appeared. The decoupling degree of transportation oil consumption is higher than 
that of transportation coal consumption. It is a good sign for the smooth variation of TEIDot during recent 
years with weak decoupling. 
Additionally, the decoupling elasticity index of transportation natural gas consumption changed 
severely with frequent “M” types, as shown in Fig. 4. Strong coupling states dominate the stage 
accounting for 62.5% of the sample years. The obvious fluctuation of TEIDnt curve means the unstable 
dependence on transportation natural gas consumption. 
TEIDelt curve was relatively stable with a strong coupling at 1990 and weak coupling during 2006-
2008 in Fig. 5. Though strong coupling states show in 13 years, they are unsteady. 
4. Conclusions  
Decoupling elasticity index model is proposed to measure the characteristics of decoupling of 
transportation energy consumption from transportation industry growth. Calculations of indices cover 
total energy consumption and energy consumption types. The following conclusions are made from the  
present work: 
Periodic variation is demonstrated by the decoupling index on total transportation energy consumption. 
Weak decoupling of total transportation energy consumption is noticed in more than half times from1985 
to 2009. Unsteady characteristics are shown because of the short duration of weak decoupling. The recent 
longer period of weak decoupling shows that transportation industry has gradually reduced its dependence 
on the transportation energy consumption. However, only a low probability of strong decoupling will 
occur because the demand for transportation is at the rapid growth stage in China in the future. 
Decoupling states of transportation energy consumption types are different. For coal consumption, 
strong decoupling from transportation industry growth have been observed. The longer period of strong 
decoupling implies a broken relationship between coal consumption and transportation industry growth. 
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Most periods of strong coupling of oil consumption before 1999 indicate the close relationship between 
oil consumption and transportation industry growth. Even though weak decoupling of oil consumption is 
shown from 2007 to 2009, the decoupling trend is not clear in the future. For natural gas and electricity 
consumption, the decoupling states are dominated by strong coupling. The different decoupling states 
indicate that energy consumption structure in transportation sector has been optimized gradually. 
The special and directional transportation policies should be implemented according to the different 
decoupling states. Improving energy efficiency is a requirement for the weak decoupling state of total 
energy consumed. Transportation energy policies, such as intensifying technological innovation, can 
lower energy intensity. In addition, shares of new energy and renewable energy sources for transportation 
should be enhanced. The policies of adjusting energy structure for transportation sector should focus on 
the clean energy as natural gas and electricity to break the dependence on oil, especially on petroleum 
consumption. 
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